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Abstract 
The paper presents the results of thermo technical research of three-layer brick walls with effective insulation layer. The 
calculation results of three-dimensional temperature field shows the character of the temperature distribution in the thickness of 
the wall at different thicknesses of the insulation layer. It was found that a considerable thickness of insulation that provides the 
requirements of modern Building Code adversely affects the performance qualities, durability and resistance to freezing and 
throwing of the outer layer of bricks. With high thermal protection of insulation layer brick veneer is subjected to a complete 
freezing for 5 months, while at a low level of thermal protection freezing occurs within three months. That is why, increasing of 
thermal protection of external fencing needs to be combined with the development of requirements for frost resistance and 
durability of bricks used for the outer layers of the wall construction. 
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1. Introduction 
Russia is known to be the coldest country in the world. Mostly of its territory is covered with snow during winter 
and has fully humid climate. There are zones with cool summer and extremely continental climate. The slide shows 
that on the most part of the country mean temperature fluctuates from minus 10 degrees Centigrade down to minus 
40 degrees. That is why thermal protection problems are very important in Russia. Early in Russia houses were built 
with massive thick walls and even with three-ply walls[1]. This wall construction has Savino-Storogevckij 
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monastery and the church of Nativity of the Blessed Virgin with three-ply walls. Both inner and outer walls were 
made from solid stone and the cavity between them was filled with monk’s park stone. This cathedral stranded 
several centuries without any destructions. 
Three-ply walls have been using in Russia from the earliest times and mostly they have been using in mass 
housing from 70-ties. As an insulation cement fiberboard, mineral wool, polystirolwas used. The thickness of 
insulation was 50 mm. More than 40 years of maintenance proved their high insulation capabilities and durability. 
Level of heat protection was established with accordance to Russian Building Code “SNiP II – 3 – 79 “Construction 
Heat Engineering” with thermal resistance of R = 1 m2 0C/W. It should be mentioned, that the first standards for 
heat protection were established in the USSR in 1928 and acted up to the end of 20th century. 
In 1996 new specifications were introduced in Russia and starting 2000 the level of walls heat protection was 
designated according to energy saving specifications and for Moscow is now R = 3,13 m20C/W. 
The new demands to thermal protection in the  Russian Building Code “SNiP 23 – 02 – 2003 “Heat protection of 
Buildings” has led to the fact that in Russia the three-ply walls becomes the most popular structure for enclosures, 
that had its effectiveness justified for the past decades. Only three-ply walls have started to be used with insulation 
of 120-150mm thick [2,3]. However, ply walls with veneer stated to disintegrate extensively. Today from 450 
dwelling with veneer built in Moscow for the past 6 years, 156 need to be repaired urgently (Fig 1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Typical faults of three-ply walls with brick outer-layer 
 
Typical faults of such walls are: 
- Vertical and inclined cracks in masonry (Fig.1) 
- Vertical cracks near the edges of the building 
- Vertical cracks and disintegration of masonry in the floor level 
- Destruction of bricks and brick parts drop-out 
- Destruction of bricks in the floor level 
- Destruction of veneer in the floor level 
- Destruction of bricks and veneer 
- Efflorescence on the walls, indicating permanent humidification of masonry and its drying on the outer part 
of the wall 
- Liner destruction of bricks 
- Brick part drop-out and necessarily of safety grids installation for human protection from falling brick parts 
- Wall frost penetration in the level overlap joint; on the thermograph you can easily see parts of the wall 
with the overlap; this frost penetration results in humidification of the interior part of the wall, surface 
soaking due to condensate formation, mold appearance, plaster flaking. This photo shows parts of fallen 
plaster. 
- Wallpapers delamination 
- Mold formation in the overlap level 
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- Systematic humidification of liner in the overlap level and on the wall surface 
- Wall caving 
Due to multiple liner faults, ply walls with effective insulation and veneer are prohibited in Moscow, Moscow 
area, Kazan, etc. 
There were no researches held for investigating the reasons of veneer delamination. That is why we tried to 
express our opinions for possible reasons of veneer delamination, but no science researches on this topic were held. 
2. Method calculation 
We spent thermal engineering calculations. For this purpose were used NASTRAN software package. Based on 
the program according to the finite-element method three-dimensional temperature field have been calculated [4].  
As a result  3D obtained temperature distribution pattern in the masonry at different outdoor temperatures was 
received. 
For theoretic investigation we choose the exterior wall that consist of outer face brick, insulation layer of mineral 
wool or foam polystyrene 100  mm thick and another layer of masonry 250 mm thick or concrete or foam/gas 
concrete. 
3. Main results 
Taking into account that a lot of dwelling with three-ply walls of 50 mm thick have been built, that are   which 
are in good nondestructive condition now, and we conducted a comparison of temperature distribution inside the 
walls with insulation thickness of 50 and 100 mm.  
3.1. Temperature distribution 
As a result we proved, that when the outside temperature is -1 0C, the outer face brick layer in the ply wall with 
100 mm insulation is freezed (you can see from the picture, that the isotherm 0 0C is passing the border between the 
outer layer and the insulation). Moreover, when the insulation layer is 50mm thick, the same figure occurs when the 
outside temperature is -3 0C. To sum up, the outer face bricklayer freezing with thicker insulation occurs with higher 
temperatures (fig.2). 
Mean month outside temperature analysis in Moscow shows, that the average month temperature lower than -10C 
and higher than -30C is in November. This means that the outer face bricklayer in three-ply wall with 50mm 
insulation does not freeze overall, but with 100mm insulation does. Considering that in October, the outer 
temperature is 4,20C and average amplitude is 5,7 0C, so in October as average temperatures fall below minus 1 
degree (up to 1.5), but do not reach the level of minus 3 degrees. Therefore, brick veneer with a thick layer of 
insulation (100 mm) freezes completely, but when the insulation thickness of 50 mm - not frozen. 
 
Table 1. Average temperatures in Moscow 
Month Jan Feb March Apr May June July Aug Sep 
 
Oct Nov Dec 
Mean temperature of the 
month, ɨɋ 
-10,2 -9,6 -4,7 4,0 11,6 15,8 18,1 16,2 10,6 4,2 -2,2 -7,6 
Mean amplitude of month 
temperature fluctuations 
6,2 6,9 7,4 8,5 10,4 10,7 10,4 10 8,6 5,7 4,6 4,6 
Peak amplitude of month 
temperature fluctuations 
22 22,2 19,2 19,9 21,5 18,7 18,5 21,9 22,4 20,6 20,6 17,1 
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a)                                                                          b) 
Figure 2. Location of zero isotherm at outdoor temperature -1 0C. 
a-brick veneer with a thin layer of insulation (50 mm)does not freez completely; b- brick veneer with a thick layer  
of insulation (100 mm) freezes completely. 
 
Analyzing the parameters of the outer air and temperature distribution can be concluded that the outer wall with 
100mm insulation and more freezes more often, than the same wall with 50mm insulation. The maximum number of 
zero transients is supposed to be in autumn and spring. So, structure with 100mm insulation and more freezes during 
5 months, and with 50mm insulation – during 3 months. Freezing-thawing process leads to the brickwork strength 
reduction, cracking and bricks destruction. 
3.2. Vapor permeability of insulation materials 
Vapor permeability of mineral wool is 10 times more, than for foam polystyrene. 
• Mineral wool: Vapor permeability coefficientȝ = 0,5 mg/m hour Pɚ 
 Vapor permeability resistance of 100mm thick layer    Rɩ = 0,2 m2 hour Pɚ/mg 
• Foam Polystyrene: Vapor permeability coefficientȝ = 0,05 mg/m hour Pɚ 
 Vapor permeability resistance of 100mm thick layer  Rɩ = 2 m2 hour Pɚ/mg 
According to our calculations, in considered structures condensate occurs on the outer border between the veneer 
and insulation. However due to high vapor permeability of mineral wool, the amount of occurred condensate is 
twice as lower as when foam polystyrene is used. 
High veneer humidity due to vapor diffusion increases the effect of alternative-sign temperatures and accelerates 
destruction. To protect wall from water vapor flow you can set a screen of aluminum foil behind the radiator [5] 
Samples, derived from the walls showed, that the brick humidity is 3% in spite of standard 1,5%, mineral wool 
humidity is 6% in spite of 4-5%. However, thermographic examinations aren’t capable of finding such faults. 
3.3. Temperature deformations 
Negative effect on the durability of veneer has overlap joints. They are made from heavy concrete with 
conductivity 2.03 W/m20C. As a result, in the joint area reasonable temperature difference occurs, so adjacent bricks 
are in permanent changing temperature conditions from negative to positive (Fig.3) [6]. 
As acting together, all this conditions increase wall destruction. It should be mentioned, that further increase in 
heat protection would result in more intensive wall destruction. Today, only walls with brickwork are destructing – 
so they are made from material, which is less frost proof than concrete. Moreover, we are afraid, that with further 
increase in insulation thickness, other material would undergo destruction.  
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Figure 3. Façade thermogram. It clearly visible changes in temperature in the zone of overlap joints interfloor slab with the outer wall 
4. Conclusion 
In the development of high level of thermal protection requirements, it must be taken into account that frost 
resistance of materials, used for external wall, should also be enhanced. Therefore, increasing of thermal protection 
of external fencing needs to be combined with the development of requirements for frost resistance and durability of 
materials used for the outer layers of the wall construction, primary made of bricks. 
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